The genera principally represented by these casts were Miliola, Biloculina, Uvigerina, P l 
a n o r b u l i n a , R o t a l i a, Bulim m ulina;
O l o b i g e r i n a , Orbulina, and Pulvinulina were present, but not nearly in so great abundance. There were very few Foraminifera on the surface of the sea at the time. This kind of bottom has been met with once or twice before; but it is evidently exceptional, depending upon some peculiar local conditions.
From the Cape, as far south as our station in lat. 46° 16', we found no depth greater than 1900 fathoms, and the bottom was, in every case, " Globigerina-oozethat is to say, it consisted of little else than the shells of Globigerina, whole, or more or less broken up, with a small proportion of the shells of Pulvinulina and of O r, an Eadiolarians and fragments of the spicules of Sponges.
Since the time of our departure, Mr. M urray has been paying the closest attention to the question of the origin of this calcareous formation, which is of so great interest and importance on account of its anomalous character and its enormous extension. Very early in the voyage, he formed the opinion that all the organisms entering into its composition at the bottom are dead, and that all of them live abundantly at the sur face and.at intermediate depths, over the ooze area, the ooze being formed by the subsiding of these shells to the bottom after death. This is by no means a new view. I t was advocated by the late Pro fessor Bailey, of W est Point, shortly after the discovery, by means of Lieutenant Brooke's ingenious sounding-instrument, that such a forma tion had a wide extension in the Atlantic. Johannes Mueller, Count Pourtales, Krohn, and Max-Schultze observed Globigerina and Orbulina living on the surface ; and E rnst Haeckel, in his important work upon the Badiolaria, remarks " th at we often find upon, and carried along by the floating pieces of sea-weed which are so frequently met with in all seas, Foraminifera as well as other animal forms which habitually live at the bottom. However, setting aside these accidental instances, cer tain Foraminifera, particularly in their younger stages, occur in some localities so constantly, and in such numbers, floating on the surface of the sea, that the suspicion seems justifiable that they possess, at all events at a certain period of their existence, a pelagic mode of life, differing in this respect from most of the remainder of their class. Thus Muller often found in the contents of the surface-net off the coast of France, the young of j R o t a l i a ,but more particularly and , the two latter frequently covered with fine calcareous tubes, prolongations of the borders of the fine pores through which the pseudopodia protrude through the shell. I took similar Globigerince and Orbulince almost daily in a fine net at Messina, often in great numbers, particularly in February. Often the shell was covered with a whole forest of extremely long and delicate calcareous tubes projecting from all sides, and probably contri buting essentially to enable these little animals to float below the surface 34.
Prof. C. W. Thomson on the
of the water "by greatly increasing their surface, and consequently their 1 friction against the water, and rendering it more difficult for them to f sink" *. In 1865 and 1866 two papers were read by Major Owen, P.L.S., before the Linnean Society, " On the Surface-fauna of Mid | Ocean." In these communications the author stated that he had taken j foraminifera of the genera Olobigerina and Pulvinulina living, in the I tow-net on the surface, at many stations in the Indian and Atlantic 1 Oceans. H e described the special forms of these genera which were f most common, and gave an interesting account of their habits, proposing for a family which should include Globigerina, with a sub-; genus, and Pulvinulina, the name Colymbitae, from the circumstance that, 1 like the Padiolaria, these Poraminifera are found on the surface after sunset, " diving " to some depth beneath it during the heat of the day. ' Our colleague, Mr. G-wyn Jeffreys, chiefly on the strength of Major Owen's papers, maintained that certain Poraminifera were surface-animals, in opposition to Dr. Carpenter and myself t . I had formed and expressed a very strong opinion on the matter. I t seemed to me that the evidence was conclusive that the Poraminifera which formed the ooze lived on the bottom, and that the occurrence of individuals on the surface was accidental and exceptional; but after going into the thing carefully, and considering the mass of evidence which has been accumu lated by Mr. Murray, I now admit that I was in e rro r; and I agree with him that it maybe taken as proved, that all the materials of such deposits (with the exception of course of the remains of animals which we now know to live at the bottom at all depths, and which occur in the deposit as foreign bodies) are derived from the surface.
Mr. Murray has combined with a careful examination of the soundings, a constant use of the tow-net, usually at the surface, but also at depths from ten to one hundred fathom s; and he finds the closest relation to exist between the surface-fauna of any particular locality and the deposit which is taking place at the bottom. In all seas, from the equator to the polar ice, the tow-net contains Globigerince. They are more abundant, and of a larger size, in warmer seas ; several varieties attaining a large size, and presenting marked varietal characters, are found in the intertropical area of the Atlantic. In the latitude of Kerguelen they are less numerous and smaller, while further south they are still more dwarfed, and only one variety, the typical Globigerina bulloides, is represented. The living Globigerince from the tow-net are singularly different in appearance from the dead shells we find at the bottom (Plate I.). The shell is clear and transparent, and each of the pores which penetrate it is surrounded by a raised crest, the crest round adjacent pores coalescing into a roughly hexagonal network, so th at the pore appears to lie a t the bottom of an hexagonal pit.
A t each angle of this hexagon the crest gives off a delicate flexible calcareous spine, which is sometimes four or five times the diameter of the shell in length. The spines radiate symmetrically from the direction of th e centre of each chamber of the shell, and the sheaves of long transparent needles, crossing one another in different directions, have a very beautiful effect. The smaller inner chambers of the shell are entirely filled with an orange-yellow granular sarcode; and the large terminal chamber usually contains only a small irregular mass, or two or three small masses run together, of the same yellow sarcode stuck against one side, the remainder of the chamber being empty. No defi nite arrangement, and no approach to structure, was observed in the sarcode, and no differentiation, with the exception of round bright-yellow oil-globules, very much like those found in some of the Radiolarians, which are scattered apparently irregularly in the sarcode. W e never have been able to detect the l §ast trace of pseudopodia in any of the large number of Globigerince which we have examined, nor any extensio form, of the sarcode beyond the shell.
M ajor Owen (op. cit.') has referred the Globigerina with spines to a distinct species, under the name of G. hirsuta. I am inclined rather to believe that all Globigerince are, to a greater or less degree, spiny, when the shell has attained its full development. In specimens taken with the tow -net the spines are very usually absent; but th at is probably on account of their extreme te n u ity ; they are broken off by the slightest touch. In fresh examples from the surface the dots indicating the origin of the lost spines may almost always be made out with a high power. There never are spines on the Globigerince from the bottom, even in the shallowest water. Two or three very marked varieties of Globigerina occur; but I certainly do not think th at the characters of any of them can be regarded as of specific value.
There is still a good deal of obscurity about the nature of universa, an organism which occurs in some places in large proportion in the Globigerina-ooze. The shell of Orbulina (P I.II.) is spherical, usually about *5 millimetre in diameter, but it is found of all smaller sizes. The texture of the mature shell resembles closely th at of , but it differs in some im portant particulars. The pores are markedly of two different sizes, the larger about four times the area of the smaller. The larger pores are the less num erous; they are scattered over the surface of the shell with out any appearance of reg u larity ; the smaller pores occupy the spaces between the larger. The crests between the pores are much less regular in Orbulina than they are in Globigerina; and the spines, which are of great length and extreme tenuity, seem rather to arise abruptly from the top of scattered papillae than to mark the intersections of the crests.
This origin of the spines from the papillae can be well seen with a moderate power on the periphery of the sphere. The spines are hollow and flexible; they naturally radiate regularly from the direc tion of the centre of the sphere; but in specimens which have been placed under the microscope with the greatest care, they are usually entangled together in twisted bundles. They are so fragile that the weight of the shell itself, rolling about with the motion of the ship, is usually sufficient to break off the whole of the spines and leave only the papillae projecting from its surface, in the course of a few minutes. In some examples, either those in process of development, or a series showing a varietal divergence from the ordinary type, the shell is very thin and almost perfectly smooth, with neither papillae nor spines, nor any visible structure, except the two classes of pores, which are constant.
The chamber of Orbulina is often almost em pty; even in the case of examples from the surface, which appear, from the freshness and trans parency of the shell, to be living, it is never full of sarcode; but it fre quently contains a small quantity of yellow sarcode stuck against one side, as in the last chamber of G l o b i g e r i n a" Sometime constantly, within the chamber of Orbulina there is a little chain of three or four small chambers singularly resembling in form, in proportion, and in sculpture a small Globigerina ; and sometimes, but again by no means constantly, spines are developed on the surface of the calcareous walls of these inner chambers, like those on the test of Globigerina. The spines radiate from the position of the centre of the chambers and abut against the insides of the wall of the Orbulina (PI. II.). In a few cases, the inner chambers have been observed, apparently arising within or amidst the sarcode adhering to the wall of the Orbulina.
Major Owen regards Orbulina as a distinct organism, nearly allied to Globigerina, but differing so far from it as to justify its separation into a special subgenus. He considers the small inner chamber of Orbulina to represent the smaller chamber of Globigerina, and the outer wall as the equivalent of the large outer chamber of Globigerina, developed in this form as an investing chamber. Count Pourtales, Max-Schultze, and Krohn, on the other hand, believe, on account of the close resemblance in structure between the two shells, their constant association, and the un doubted fact that an object closely resembling a young Globigerina is often found within Orbulina, that the latter is simply a special reproduc tive chamber budded from the former, and capable of existing indepen dently. I am rather inclined to the latter view, although I think much careful observation is still required to substantiate i t ; and some, even of our own, observations would seem to tell somewhat in the opposite direc tion. Although Orbulina and Globigerina are very usually associated, they are so in different proportions in different localities ; and in the icy sea to the south of Kerguelen, although Globigerina was constantly taken in the surface-net, not a single Orbulina was detected. Like Globigerina, Orbulind is most fully developed and most abundan warmer seas.
Associated with these forms, and, like them, living on the surface, and dead, with their shells in various stages of decay, at the bottom, there are two very marked species or varieties of P. Menardii, and P. Micheliniana. The general structure of Pulvinulina resembles that of Globigerina. The shell consists of a congeries of from five to eigh chambers arranged in an irregular spiral. As in Globigerina, the last chamber is the larg est; the inner smaller chambers are usually filled with yellow sarcode; and, as in Globigerina, the last chamber is frequently nearly empty, a small irregular mass of sarcode only occupying a part of the cavity. The walls of the chambers are closely and minutely per forated. The external surface of the wall is nearly smooth, and no trace of a spine has ever been detected. Pulvinulina (PI. I I I . fig* 1 ) has a large discoidal depressed shell, consisting of a series of flat chambers overlapping one another, like a number of coins laid down somewhat irregularly, but generally in a sp iral; each chamber is bordered by a distinct somewhat thickened solid rim of definite width. On the lower surface of the shell the intervals between the chambers are indicated by deep grooves. The large irregular opening of the final chamber is pro tected by a crescentic lip, which in some specimens bears a fringe of spine-like papillae. This form is almost confined to the warmer seas. I t is very abundant on the surface, and still more so during the day, at a depth of ten to twenty fathoms in the Mid-Atlantic ; and it enters into the composition of the very characteristic ii Globigerina-ooza of the " Dolphine Rise " in almost as large proportions as Globigerina. Pulvinu lina Micheliniana is a smaller variety ; the upper surface of the shell is flattened as in P. Menardii, but the chambers are conical and prolonged downwards, so that the shell is deeper and somewhat turbinate. The two species usually occur together; but P. Micheliniana has apparently a much wider distribution than P. M enardii; for while the latter was limited to the region of the trade-winds and the equatorial drift current, and was found rarely if at all to the south of the Agulhas current, the former accompanied us southward as far as Kerguelen Land. Both forms of Pulvinulina, however, are more restricted than Globigerina; for even P. Micheliniana became scarce after leaving the Cape, and the wonderfully pure calcareous .formation in the neighbourhood of Prince Edward Island and the Crozets consists almost solely of Globigerina bulloides, and neither species of Pulvinulina occurred to the south of Kerguelen Land.
. . Over a very large part of the il G area, in those intertropical regions in which the formation is most charac teristically developed, although the great bulk of the ooze is made up of entire shells and fragments of shells of the above-described foraminifera, there is frequently a considerable proportion (amounting m some cases to about twenty per cent.) of fine granular matter, which fills the shells and the interstices between them, and forms a kind of matrix or cement. This granular substance is, like the shells, calcareous, dis appearing in weak acid to a small insoluble residue; with a low micro scopic power it appears amorphous, and it is likely to be regarded, at first sight, as a paste made up of the ultimate calcareous particles of the dis integrated shells ; but under a higher power it is found to consist almost entirely of " coccoliths " and " rhabdoliths." I need scarcely enter here into a detailed description of these singular bodies, which have already been carefully studied by Huxley, Sorby, Giimbel, Haeckel, Carter, Oscar Schmidt, Wallich, and others. I need only state that I believe our observations have placed it beyond a doubt that the " coccoliths " are the separated ele ments of a peculiar calcareous armature which covers certain spherical bodies (the " coccospheres " of Dr. Wallich). The rhabdoliths are the like elements of the armature of extremely beautiful little bodies, of which two forms are represented in PI. III. figs. 3 & 4, which have been first observed by Mr. Murray and naturally called by him " rhabdospheres." Coccospheres and rhabdospheres live abundantly on the surface, especially in warmer seas. If a bucket of water be allowed to stand over night with a few pieces of thread in it, on examining the threads carefully many examples may usually be found attached to them ; but Mr. Murray has found an unfailing supply of all forms in the stomachs of Salpce.
W hat these coccospheres and rhabdospheres are, we are not yet in a position to say with certainty ; but our strong impression is that they are either Algae of a peculiar form, or the reproductive gemmules or the sporangia of some minute organism, probably an A lga; in which latter case the coccoliths and rhabdoliths might be regarded as representing in position and function the " amphidisci " on the surface of the gemmules of Spongilla, or the spiny facets on the zygospores of many of the Desmideae. There are many forms of coccoliths and rhabdoliths, and many of these are so distinct that they evidently indicate different species. Mr. Murray believes, however, that only one form is met with on one sphere; and that, in order to produce the numerous forms figured by Haeckel and Oscar Schmidt, all of which, and many additional varieties, he has observed, the spheres must vary in age and development, or in kind. Their constant presence in the surface-net, in surface-water drawn in a bucket, and in the stomachs of surface-animals, sufficiently proves that, like the ooze-forming Foraminifera, the coccoliths and rhabdoliths, which enter so largely into the composition of the recent deep-sea calcareous formations, live on the surface and at intermediate depths, and sink to the bottom after death. Coccospheres and rhabdospheres have a very wide, but not an unlimited, distribution. From the Cape of Good Hope they rapidly decreased in number on the surface and at the bottom, as we progressed southwards. The proportion of their remains in the Globigerma-ooze near the Crbzets and Prince Edward Island was com-! 1874.]
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paratively sm all; and to this circumstance the extreme clearness and the unusual appearance of being composed of alone was pro bably mainly due. W e found the same kind of ooze, nearly free from coccoliths and rhabdoliths, in what may be considered about a corre sponding latitude in the north, to the west of Faroe.
Before leaving the subject of the modem Chalk, it may be convenient to pass on to stations 158, 159, and 160, on March 7th, 10th, and 13th, on our return voyage from the ice. The first two of these, at depths of 1800 and 2150 fathoms respectively, are marked on the chart " Globigerina-ooze; " and it will be observed that these soundings nearly corre spond in latitude with the like belt which we crossed going southwards ; the third sounding, at a depth of 2600 fathoms, is marked " red clay."
According to our present experience, the deposit of " ooze " is limited to water of a certain depth, the extreme limit of the pure characteristic formation being placed at a depth of somewhere about 2250 fathoms. Crossing from these shallower regions occupied by the ooze into deeper soundings, we find universally that the calcareous for mation gradually passes into, and is finally replaced by, an extremely fine pure clay, which occupies, speaking generally, all depths below 2500 fathoms, and consists, almost entirely, of a silicate of the red oxide of iron and alumina. The transition is very slow, and extends over several hundred fathoms of increasing d epth; the shells gradually lose their sharp ness of outline and assume a kind of " rotten " look and a brownish colour, and become more and more mixed with a fine amorphous redbrown powder, which increases steadily in proportion until the lime has almost entirely disappeared. This brown matter is in the finest possible state of subdivision, so fine th at when, after sifting it to separate any organisms it might contain, we put it into jars to settle, it remained for days in suspension, giving the water very much the appearance and colour of chocolate.
In indicating the nature of the bottom on the charts, we came from experience, and without any theoretical consideration, to use three terms for soundings in deep water. Two of these, Gl. oz. and r. cl., were very definite, and indicated strongly marked formations, with apparently but few characters in common ; but we frequently got soundings which we could not exactly call either "
Globigerina-ooze " we were fully aware of the nature of these we were in the habit of indi cating them as «grey ooze" (gr. oz.). W e now recognize the " grey ooze " as an intermediate stage between the and the red clay; we find that, on one side as it were of an ideal line, the red clay contains more and more of the material of the calcareous ooze, while, on the other, the ooze is mixed with an increasing proportion of " red clay."
Although we have met with the same phenomenon so frequently, that we were at length able to predict the nature of the bottom from the depth of the sound, with absolute certainty, for the Atlantic and the. Southern Sea, we had perhaps the best opportunity of observing it in our first section across the Atlantic, between TenerifEe and St. Thomas. The! first four stations on this section (PI. IY .), at depths from 1525 to 2220 fathoms, show " G l o b i g e r i n a -o oze." From the last of these, which is a 300 miles from TenerifEe, the depth gradually increases to 2740 fathoms,I at 500, and 2950 fathoms, at 750 miles from Tenerifire. The bottom in these two soundings might have been called " grey ooze; " for although its! nature has altered entirely from the " ooze," the red clay into! which it is rapidly passing still contains a considerable admixture of car-j bonate of lime.
The depth goes on increasing, to a distance of 1150 miles from Tene-f rifEe, when it reaches 3150 fathom s; there the clay is pure and smooth, j and contains scarcely a trace of lime. From this great depth the bottom ' gradually rises, and, with decreasing depth, the grey colour and the cal-) careous composition of the ooze return. Three soundings in 2050,1900, ^ and 1950 fathoms on the " Dolphin Rise," gave highly characteristic examples of the Globigerina formation. Passing from the middle plateau of the A tlantic into the western trough, with depths a little over 3000 fathoms, the red clay returns in all its p u rity : and our last sounding, in 1420 fathoms, before reaching Sombrero, restored the ooze with its peculiar associated fauna.
This section shows also the wide extension and the vast geological importance of the red-clay formation. The total distance from TenerifEe to Sombrero is about 2700 miles. Proceeding from east to west, we' have About 80 miles of volcanic mud and sand. ,, 350 ,, " " ooze," ,, 1050 ,, ,, " red clay," . ,, 330 ,, ,, " ooze," ,, 850 " " " red clay," ,, 40 ,, ,, " ooze," giving a total of 1900 miles of red clay to 720 miles of ooze. The following Table, taken from the chart, gives a good general idea of the distribution of the two formations with respect to depth. I t can not of course be taken as exact; the indications were jotted down from the impression of colour given at the time, and there is no hard and fast line between G l o b i g e r i n a -o oze and grey ooze on the one han between red clay and grey ooze on the other. The Table gives an average depth of 1800 fathoms for our soundings in the ooze. This is a datum of no value; for we only rarely sounded in shallow water, and we know that this formation covers large areas at depths between 300 and 400 fathom s; but the mean maximum depth at which it occurs is important, and that may be taken from the Table as about 2250 fathoms. The mean depth at which we find the transition grey ooze is 2400 fathom s; and the mean depth of the red-clay soundings is c about 2700 fathoms. The general concurrence of so many observations r< would go far to prove, what seems now to stand, indeed, in the position of an ascertained fact, that wherever the depth increases from about 2200 to 2600 fathoms, the modern Chalk formation of the Atlantic and of 1 other oceans passes into a clay.
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Challenger3 Soundings in the Southern Sea. • 2250 The nature and origin of this vast deposit of clay is a question of the very greatest in terest; and although I think there can be no doubt that it is in the main solved, yet some matters of detail are still involved in difficulty. My first impression was, that it might be the most minutely divided material, the ultimate sediment, produced by the disintegration of the land, by rivers and by the action of the sea on exposed coasts, and held in suspension and distributed by ocean currents, and only making itself manifest in places unoccupied by the ooze. Several circumstances seemed, however, to negative this mode of origin. The formation seemed too uniform; whenever we m£t with it, it had the same character, and it only varied in composition in containing less or more carbonate of lime.
Again, we were gradually becoming more and more convinced that all the important elements of the G l o b i g e r i n ao oze lived on it seemed evident that, so long as the conditions on the surface remained the same, no alteration of contour at the bottom could possibly pre vent its accumulation; and the surface conditions in the Mid-Atlantic were very uniform, a moderate current of a very equal temperature pass ing continuously over elevations and depressions, and everywhere yield ing to the tow-net the ooze-forming Foraminifera in the same proportion. The Mid-Atlantic swarms with pelagic Mollusca; and, in moderate depths, the shells of these are constantly mixed with the some times in number sufficient to make up a considerable portion of its bulk. I t is clear that these shells must fall in equal numbers upon the red clay; but scarcely a trace of one of them is ever brought up by the dredge on the red-clay area. I t might be possible to explain the absence of shellsecreting animals living on the bottom by the supposition that the nature of the deposit was injurious to them ; but then the idea of a current sufficiently strong to sweep them away is negatived by the extreme fineness of the sediment which is being laid down; the absence of surface shells appears to be intelligible only on the supposition that they are in some way removed.
W e conclude, therefore, that the " red clay " is not an additional sub stance introduced from without, and occupying certain depressed regions on account of some law regulating its deposition ; but that it is produced by the removal, by some means or other, over these areas, of the carbonate of lime which forms probably about 98 per cent, of the material of the Globigerina-ooze. "We can trace, indeed, every successive stage in the removal of the carbonate of lime in descending the slope of the ridge or plateau where the Globigerina-ooze is forming, to the reg We find, first, that the shells of pteropods and other surface Mollusca, which are constantly falling on the bottom, are absent, or if a few remain they are brittle and yellow, and evidently decaying rapidly. These shells of Mollusca decompose more easily, and disappear sooner, than the smaller and apparently more delicate shells of Bhizopods. The smaller Forami nifera now give way and are found in lessening proportion to the larger; the coccoliths first lose their thin outer border and then disappear, and the clubs of the rhabdoliths get worn out of shape and are last seen, [Nov. 26, /under a high power, as minute cylinders scattered over the field. The •/larger Foraminifera are attacked, and instead of being vividly white mid delicately sculptured, they become brown and worn, and finally they ••break up, each according to its fashion; the chamber-walls of Globigerina [fall into wedge-shaped pieces which quickly disappear, and a thick rough 'crust breaks away from the surface of , leaving a thin inner /sphere, at first beautifully transparent, but soon becoming opaque and /crumbling away.
In the mean time, the proportion of the amorphous " red clay " to the (calcareous elements of all kinds, increases, until the latter disappear, with the exception of a few scattered shells of the larger Foraminifera, which iare still found, even in the most characteristic samples of the " red clay."
There seems to be no room left for doubt that the red clay is essenti ally the insoluble residue, the ash, as it were, of the calcareous organisms which form the G l o b i g e r i n a -o oze, after the calcareous matter has been by some means removed. An ordinary mixture of calcareous Foraminifera with the shells of Pteropods, forming a fair sample of " ooze " from near St. Thomas, was carefully washed and subjected by Mr. Buchanan to the action of weak acid; and he found that there remained, after the carbonate of lime had been removed, about one per cent, of a reddish mud, consisting of silica, alumina, and the red oxide of iron. This experiment has been frequently repeated with different samples of " G lobigerina-ooze," and always with the result that a small proportion of a red sediment remains, which possesses all the characters of the " red clay."
In the G l o b i g e r i n a -ooze, siliceous bodies, including the spicules of Sponges, the spicules and tests of Badiolarians, and the frustules of Diatoms occur in appreciable proportion; and these also diminish in number, and the more delicate of them disappear in the transition from the calcareous ooze to the " red clay."
I have already alluded to the large quantity of nodules of the peroxide of manganese which were brought up by the trawl from the red-clay area on the 13th of March. Such nodules seem to occur universally in this formation. No manganese can be detected in the ooze; but no sooner has the removal of the carbonate of lime commenced than small black grains make their appearance, usually rounded and mammillated on the surface, miniatures, in fact, of the larger nodules which abound in the clay; and, at the same time, any large organic body, such as a shark's tooth, that may happen to be in the ooze is more or less completely replaced by manganese; and any inorganic body, such as a pebble or a piece of pumice, is coated with it, as a fine black mammillated layer. I t is not easy to tell what the proportion of manganese in the red clay may be, but it is very considerable. At station 160, on the 13th of March, the trawl brought up nearly a bushel of nodules, from the size of a walnut to that of an orange; but these were probably the result of the sifting of a large quantity of the clay. The manganese is doubtless, like the iron, set free by the decompo-1 sition of the organic bodies and tests. I t is known to exist in the ash of some Algae to the amount of 4 per cent.
The interesting question now arises as to the cause and method of the | removal of the carbonate of lime from the cretaceous deposit; and on this! matter we are not yet in a position to form any definite conclusion.
One possible explanation is sufficiently obvious. All sea-water contains! a certain proportion of free carbonic acid, and Mr. Buchanan believes! that he finds it rather in excess in bottom-water from great depths. A tl all events, the quantity present is sufficient to convert into a soluble corn-! pound, and thus remove a considerable amount of carbonate of lime. If the balance of supply be very delicately adjusted, it is just conceivable that i the lime in the shells, in its fine state of subdivision, having been attacked! by the sea-water from the moment of the death of the animal, may be entirely dissolved during its retarded passage through the half mile or so of water of increasing density. A great deal of the bottom-water in these deep troughs has been last at the surface, in the form of circumpolar ■ freshwater ice ; and though fully charged with carbonic acid, it is possible ; that it may be comparatively free from carbonate of lime, and that its 1 solvent power may thus be greater.
The red clay or, more probably, the circumstances which lead to its deposition seem on the whole unfavourable to the development of animal life. W here its special characters are most marked, no animals which require much carbonate of lime for the development of their tissues or of their habitations appear to exist. Our growing experience is, that although animal life is possible at all depths, after a certain depth, say 1500 fathoms, its abundance diminishes. This would seem to indicate that the extreme conditions of vast depths are not favourable to its development ; and one might well imagine that the number of shell-building animals might decrease, until the supply of lime was so far reduced as to make it difficult for them to hold their own against the solvent power of the water of the sea-just as in many districts where there is little lime, the shells of land and freshwater mollusks are light and thin, and the animals themselves are stunted and scaree.
I t seems, however, that neither the extreme depth at which the red clay is found, nor the conditions under which it is separated and laid down, are sufficient entirely to negative the existence of living animals, even of the higher invertebrate orders. In several of the hauls, we i brought up Holothurids of considerable size, with the calcareous neckrings very rudimentary, and either no calcareous bodies in the test, or a mere trace of such. Nearly every haul gave us delicate branching Bryozoa, with the zooecium almost membranous. One fortunate cast, about 150 miles from Sombrero, brought up, from a depth of 2975 fathoms, very well-marked red mud, which did not effervesce with hydrochloric acid. Entangled in the dredge, and imbedded in the mud, were many of [Nov. 26, the tubes of a tube-building annelid, several of them 3 to 4 inches long, and containing the worm, a species of , still living. The worm-tubes, like all the tests of Foraminifera from the same dredging, were made up of particles of the red clay alone.
I t seems evident, from the observations here recorded, that clay, which we have hitherto looked upon as essentially the product of the dis integration of older rocks, under certain circumstances, may be an organic formation like chalk; that, as a m atter of fact, an area on the surface of the globe, which we have shown to be of vast extent, although we are still far from having ascertained its limits, is being covered by such a deposit at the present day.
I t is impossible to avoid associating such a formation with the fine, smooth, homogeneous clays and schists, poor in fossils, but showing worm-tubes and tracks, and bunches of doubtful branching things, such as Oldhamia, siliceous sponges, and thin-shelled peculiar shrimps. Such formations, more or less metamorphosed, are very familiar, especially to the student of palaeozoic geology, and they often attain a vast thickness. One is inclined, from this great resemblance between them in composition and in the general character of the included fauna, to suspect that these may be organic formations, like the modern red clay of the Atlantic and Southern Sea, accumulations of the insoluble ashes of shelled creatures.
The dredging in the red clay on the 13th of March was unusually rich. The bag contained examples, those with calcareous shells rather stunted, of most of the characteristic deep-water groups of the Southern Sea, including Umbellularia, E u p l e c t e l l a , glypha, P o u r t a l e s i a , and one or two Mollusca. This is, however, very rarely the case. Generally the " red clay " is barren, or contains only a very small number of forms.
On the 11th of February, lat. 60° 52' S., long. 80° 20' E., and March 3, lat. 53° 55' S., long. 108° 35' E., the sounding-instrument came up filled with a very fine cream-coloured paste, which scarcely effervesced with acid, and dried into a very light impalpable white powder. This, when examined under the microscope, was found to consist almost entirely of the frustules of Diatoms, some of them wonderfully perfect in all the details of their ornament, and many of them broken up. The species of diatoms entering into this deposit have not yet been worked up, but they appear to be referable chiefly to the genera Goscinodiscus, Chcetoceros, Aster omphalus, and Dictyocha, with fragments of the sepa rated rods of a singular siliceous organism, with which we were un acquainted, and which made up a large proportion of the finer matter of this deposit. Mixed with the Diatoms there were a few small Globigerince, some of the tests and spicules of ftadiolarians, and some sand particles; but these foreign bodies were in too small proportion to affect the formation as consisting practically of diatoms alone. On the 4th of February, in lat. 52° 29' S., long. 71° 36' E., a little to the north of the
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On the ' C h a l l e n g e r * Soundings in the Southern Sea. [ Heard Islands, the tow net, dragging a few fathoms below the surface, \ came up nearly filled with a pale yellow gelatinous mass. This was f found to consist entirely of Diatoms of the'same species as that found at i the bottom. By far the most abundant was the little bundle of siliceous rods! (PI. II I . fig. 5 ) fastened together loosely at one end, separating from one j another at the other end, and the whole bundle loosely twisted into a 1 spindle. The rods are hollow, and contain the characteristic endochromel of the Diatomacece. Like the " Globigerina-ooze," then, which it succe to the southward in a band apparently of no great width, the materials 1 of this siliceous deposit are derived entirely from the surface and inter-! mediate depths. I t is somewhat singular that Diatoms did not appear tol be in such large numbers on the surface over the Diatom-ooze as they! were a little further north. This may perhaps be accounted for by our] not having struck their belt of depth with the tow -net; or it is possible ] that when we found it, on the 11th of February, the bottom deposit was! really shifted a little to the south by the warm current, the excessively 1 fine flocculent debris of the Diatoms taking a certain time to sink. The j belt of Diatom-ooze is certainly a little further to the southward ini long. 80° E. in the path of the reflux of the Agulhas current, than in ] long. 108-°E.
All along the edge of the ice pack-everywhere in fact to the south | of the two stations, that of the 11th of February, on our southwards voyage, and that of the 3rd of March, on our return, we brought up fine sand and greyish mud, with small pebbles of quartz and felspar, and small fragments of mica-slate, chlorite-slate, clay-slate, gneiss, and granite. This deposit, I have no doubt, was derived from the surface like the others, but, in this case, by the melting of icebergs and the ! precipitation of foreign matter contained in the ice.
W e never saw any trace of gravel or sand, or any material necessarily derived from land, on an iceberg. Several showed vertical or irregular fissures filled with discoloured ice or snow; but, when looked at closely, | the discoloration proved usually to be very slight, and the effect, at a distance, was usually due to the foreign material which filled the fissure reflecting light less perfectly than the general surface of the berg. I conceive that the upper part of one of these great tabular southern ice-j bergs, including by far the greater part of its bulk, and culminating in ; the portion exposed above the surface of the sea, was formed by the ! piling up of successive layers of snow throughout the period, amounting perhaps to several centuries, during which the ice-cap was slowly forcing itself over the low land and out to sea, over a long extent of gentle slope, ■ until it reached a depth considerably above 200 fathoms, when the lower ' specific weight of the ice caused an upward strain, which at length over came the cohesion of the mass, and portions were rent off and floated | away. If this be the true history of the formation of these icebergs, the . 1 absence of all land debris in the portion exposed above the surface of the «sea is readily understood. If any such exist it must be confined to the slower part of the berg, to that part which has, at one time or other, c moved on the floor of the ice-cap.
The icebergs, when they are first dispersed, float in from 200 to 250 dfathoms. When, therefore, they have been drifted to latitudes of 65° or 64° S., the bottom of the berg just reaches the layer at which the tempet rature of the water is distinctly rising ; and it is rapidly melted, the mud j and pebbles with which it is more or less charged being precipitated to > the bottom. That this precipitation takes place all over the area where i the icebergs are breaking up constantly, and to a considerable extent, is ■ evident from the fact of the soundings being entirely composed of such e deposits; for the Diatoms, Globigerince, and Radiolarians are present on jthe surface in large numbers; and unless the deposit from the ice were t abundant it would soon be covered and masked by a layer of the exuvia lof surface-organisms.
EXPLANATION OF THE PLATES. P lates I. & II.
A Globigerina and an Orbulina, with the radiating processes entire. General Boileau, for the -Auditors of the Treasurer's Accounts on the part of the Society, reported that the total receipts during the past year, including a balance of £693 13s. 5 carried from the preceding year, amount to <£5726 3s. 3 ; and that the total expen diture in the same period amounts to £5451 11s. 5d.% leaving a balance at the Bankers of £236 18s. 8 d.,and £37 13s. 2d Treasurer.
The thanks of the Society were voted to the Treasurer and Au ditors.
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